Introduction
Bacteriochlorophyll b (BCHL b ) [1, 2] is the photosynthetic pigment of only a few species of photosynthetic bacteria [3 -7 ] , It is the chlorophyll with the absorption at longest wavelengths (1020 nm in vivo), and it functions both as light harvesting pigment in the antenna and as photoactive pigment in the reaction center [ 8 -10] .
BCHL b is rather unstable due to the presence of an exocyclic A8,81 ethylidene substituent [1] . It is almost invariably contam inated with by-products absorbing around 680 nm, which are structurally related to the plant chlorophylls. These products can arise from isomerisation an d /o r from oxidation reactions which both lead from the bacteriochlorin to the chlorin conjugation system. There are ex amples for both types of reactions in the literature [1, 2] , but the chemistry of BCHL b is hitherto only insufficiently explored. Here we wish to report the identification of two of these products arising from oxidative isomerisation and present data on the solvent dependence and reaction mechanism. 
Materials and Methods

G en era l m eth o d s
All solvents were reagent grade or distilled prior to use. HPLC was done as previously published for chlorophylls [7] , but with a mixture of m ethanol/ aqueous sodium ascorbate = 93/7. Analytical tic was carried out on HPTLC-plates. The adsorbents were either silica gel (F254, Merck, D arm stadt; carbon tetrachloride/acetone = 9/1 as eluent) or RP8 reverse phase silica gel (Merck, D arm stadt; methanol as eluent). Preparative tic was done on self-coated plates (20x20 cm, 0.75 mm layer of silica H, Merck, Darmstadt) with the same eluents. Uv-vis spectra were recorded on a D M R 22 (Zeiss, Oberkochen) or a PE 320 (Perkin-Elmer, Ü berlin gen). The H-NMR spectra were recorded in CDC13 with TMS as internal standard. Mass spectra were obtained in the electron impact mode on a model CH7 (Varian-Mat, Bremen).
Rp. viridis was grown anaerobically in 15 1 flasks on Gloe's medium [11] under incandescent light. The cells were harvested after seven days and the BCHL b was isolated by the procedure of Strain and Svec [12] , paying attention that the samples were kept in the darkness to inhibit any photoreac tions. BCHL a was isolated [12] from phototrophically grown Rp. sp lie ro id e s R26 [11] and oxidized to 3-Acetyl-3-devinyl-chl a with DDQ [13] .
P h o to ch em istry
The pigment was dissolved in acetone or other solvents, and exposed to white light from a tungsten-halogen lamp (20 m W /cm 2). The reaction was followed spectrophotometrically (decrease of the 792 nm absorption peak of BCHL b, increase o f a new band around 680 nm). Extinction coefficients of the product mixtures were determ ined from the ex tinction differences around 790 and 680 nm, taking into account the absorption o f BCHL b at 680 nm.
Aerobic experiments were carried out in 1 x 1 cm cuvettes stoppered to prevent solvent evaporation. For anaerobic experiments the sample was dried in a stream of nitrogen in a cuvette with a ground glass joint. This was then attached to a vacuum line and filled under vacuum with the appropriate solvent, which had been deoxygenated by five freeze-pumpthaw cycles.
Pheophytins o f the photoproducts
The products from preparative scale photoreac tions were transformed to pheophytins by treating the solutions in diethylether with HC1 until the color changes from green to brownish. After work up the products were separated by preparative TLC. Three m ajor zones were eluted separately with carbon tetrachloride containing 30% acetone in order of decreasing mobility: zone 1: /?f = 0.55, zone 2: Rf = 0.42, zone 3: R ( = 0.28. Mass spectrum M = 652 (100%):
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Results and Discussion
Anaerobic photoreaction o f B C H L b
Irradiation of BCHL b (1) in a thoroughly de oxygenated solution yields essentially a single product. The spectrophotometric traces of the reac tion ( Fig. 1) give an isosbestic point in the near-IR at about 690 nm. The product was identified as 2-acetyl-2-devinyl-chl a (3) by comparison with authentic material prepared by quinone oxidation [13] of BCHL a from Rp. sphaeroides R26 (Scheme 1) and demetalation to the pheophytin 6. The two pheophytins are identical according to UV-VIS spectroscopy and TLC on both silica gel and re versed phase. These results are in agreem ent with earlier studies of Brockmann and Kleber [2] , C00R are similar to that of the isomerisation product 3, and extinction coefficients of 37800 (680 nm), 71200 (442 nm) and 39700 (386 nm) have been determined for the mixture from the spectra shown in Fig. 2 .
The structures of the two less polar products 4 and 5 have been determ ined by conversion to the methylpheophorbides 10 and 11. D em etalation of the crude products to the pheophytin mixture (7, 8 
Photooxygenation o f B C H L b Structure o f the products
The photoreaction o f BCHL b is very sensitive to traces of oxygen. Even after saturation with nitrogen only minor amounts of the isomerisation product 3 are obtained. TLC on reversed phase shows instead three new main products which are more polar than 3.
The UV-VIS-NIR recording of the photooxygena tion reaction indicates the form ation of the three products in a constant ratio. Their absorption spectra This may be due to the much lower concentrations of our samples, because aggregation o f m ethylpheophorbides is known to produce upfield shifts (see Scheer and Katz [15] for references). The differ ences are somewhat more pronounced for the diacetyl compounds 11 and 13. The Soret band is proportionally stronger in the pyro-derivative 13.
Most of the NMR-signals show a downfield shift which is most pronounced (about 0.7 ppm) for the 5-(10.24v5. 9.76 ppm) and the 10-methine signal (10.52 vs. 9.86 ppm). Dilution shifts of this m agni tude have been reported by Brockmann et al. [16] for the methylpheophorbide of a bacteriochloro phyll d, where they are related to strong aggregation via the 3'-OH substituent. This would indicate a similarly strong aggregation tendency of the diacetyl-pigments 11 and 13 as compared to the mono-acetyl derivatives 10 and 12, which has not been further elaborated here due to a lack of material.
Mechanism o f the photooxidation
If judged from TLC, HPLC and UV-VIS-NIR analysis the same three oxidation products are ob tained from the oxidative isomerisation of BCHL b, irrespective of the solvent used. The speed of the reaction is on the other hand, dependend on the solvent (Table I) . O f the solvents studied, the reac tion is fastest in 1,2-dichlorobenzene and slowest in petrol ether, where it is decreased by more than an order of magnitude. This appears to be a special solvent effect, for neither the polarity, nor the in first approximation similar solubility of oxygen can be related in a straightforward way to this effect. Since many tetrapyrrol pigments are excellent sensitizers for the formation of singlet oxygen [17] , it is conceivable that this species is involved in the reaction. We have supported this in three different ways: A first indication was obtained from the addi tion of ^-carotene to the reaction mixture. The con version of BCHL b is slowed down by a factor of 5.7 [18] . It allows a positive identification of singlet oxygen by the quantitative analayis of the reaction products of limonene, which is added in excess to the reaction mixture. We obtained the same six products in the expected ratios by illum ination with white light (which excites BCHL b as well as its photoproducts) and also with far red light (/. ^ 740 nm), which excites selectively BCHL b. This proves the formation of singlet oxygen during the photoreaction of BCHL b. Further support comes finally from the structure of the products. The diacetyl derivative 5 is the product expected from the "ene-reaction" (Scheme 2). There are two primary peroxides (A, B), and two further ones (C. D) which can arise from isomerisation. If judged from the exclusive form ation of products containing the A7,8 double bond, the 8 '-substituted secondary peroxide A is the predom inant isomer formed. The 8'-hydroxyethyl-product 4 is somewhat unusual [17] but can derive from the same hydro peroxide A by reduction (disproportionation?). The latter, or another side reaction could also be re sponsible for the third, yet uncharacterized product.
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